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(57)Abstract 

PURPOSE: To enable the chip area to be reduced by providing bumps 
on active parts whereto the current of a semiconductor substrate is 
supplied through the intermediary of a soft insulating film. 
CONSTITUTION: Bumps 14, 15 are provided on active regions whereto 
the current of a semiconductor substrate 18 is supplied through the 
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intermediary of a soft insulating film 8. For example, a p~type base ^S^^ !: 

diffused region 3 is formed on the surface layer of an n-type 
semiconductor substrate 18 and an n-type emitter region 4 is formed 
on the surface of said region 3. Besides, the surface of the 
semiconductor substrate 1 8 is covered with an oxide film 2 while an Al 
electrode 7 is in contact with the regions 3 and 4 through a base 
aperture part 5 and an emitter aperture part 6. Furthermore, a polyimide 
made insulating film 8 is formed on the Al electrode 7 as well as a base 
bump 1 4 and an emitter bump 1 5 made of solder are formed on the 
insulating film 8 through the intermediary of an underlying metallic films 
9. In such a constitution, the Al electrode 7 is in contact with the base 
bump 14 and the emitter bump 15 respectively using a base contact 
part 16 and an emitter contact part 17. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device with a bump characterized by having a bump through a soft 
insulator layer on the active region where the current of a semi-conductor substrate flows. 
[Claim 2] The semiconductor device with a bump according to claim 1 characterized by a soft insulator 
layer being polyimide resin. 

[Claim 3] The manufacture approach of the semiconductor device with a bump according to claim 2 
characterized by carrying out spreading formation of the polyimide resin to the bump formation part on 
the active region where the current of a semi-conductor substrate flows. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2, **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electrode of the letter of a projection for the 
bonding to a printed circuit board, a film substrate, etc., the semiconductor device with a bump which 
has the so-called bump, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The electrode of the letter of a projection and the semiconductor device 
which has the so-called bump are mass-produced for connection of a semiconductor device of the 
high-reliability of many electrodes. The top view of the example in which the solder bump" was formed is 
shown in the npn-transistor chip which used n mold substrate for drawing 4 as an example of the 
conventional semiconductor device with a bump. Transistor structure shall be made by processes, such 
as pattern formation which used the photo etching technique for the semiconductor chip 1, oxidization, 
and impurity diffusion. 3 is a base diffusion field, 4 is an emitter diffusion field, and the base opening 5 
and the emitter opening 6 which were prepared for the electrode connection with the oxide film on it are 
shown by the dotted line. 19 is opening for electrode connection of a collector. And it connects with the 
pad which metals, such as aluminum, were prepared in vacuum evaporationo and the aluminum electrode 
7 which carried out pattern formation, and was prepared on these openings at the periphery on a chip 1. 
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On each pad, the base bump 14 for connecting with other substrates etc., the emitter bump 15, and the 
collector bump 20 are formed. The collector opening 19 and the collector bump 20 may be formed two 
[ at a time ] because structural and thermal balance was taken into consideration, and depending on the 
case, one is sufficient as it. In this TORANJISU, since it passes along some of p base diffusion fields 3 
and n mold substrates 18 and a current flows from n emitter diffusion field 4 to a collector electrode, 
the range from p base diffusion field 3 and p base diffusion field 3 to the collector opening 19 is an 
active region. 

[0003] Drawing 5 is a sectional view in the B-B line of the semiconductor chip of drawing 4 . The 
emitter diffusion field 4 of n mold is formed in the surface layer of n type half-****** 18 at the base 
diffusion field 3 and surface layer of p mold. The oxide film 2 has covered the front-face top of the 
semi-conductor substrate 18, and the aluminum electrode 7 touches through the base opening 5 and 
the emitter opening 6 which were able to be opened in the oxide film 2. On the aluminum electrode 7, 
the base bump 14 and the emitter bump 15 are formed through the substrate metal membrane 9 at the 
opening 23 for base bumps and the opening 24 for emitter bumps which the surface protective coat 22 
which consists of a nitride has covered, and were able to be opened in the protective coat 22. 
[0004] Drawing 6 (a) - (d) is the sectional view of the order of a process for explaining the manufacture 
approach of drawing 4 and the transistor of 5. A production process is explained based on this drawing. 
According to processes, such as pattern formation which used the photo etching technique for n mold 
substrate 18, oxidization, and impurity diffusion, since it is known well, a process until the junction 
structure of a transistor is made is skipped. With a photo etching technique, next it forms the base 
opening 5 and the emitter opening 6 in the oxide film 2 on such a semi-conductor substrate 18, 
aluminum film is deposited on the whole surface, pattern formation is carried out to a predetermined 
configuration, and the aluminum electrode 7 is formed in it. Moreover, the surface protective coat 22 of 
the nitride by the CVD method is put on the whole surface, and the opening 23 for base bumps and the 
opening 24 for emitter bumps are formed in it [ drawing 6 (a)]. 

[0005] Then, the bump substrate metal layer 9 is put on the whole surface [ drawing 6 (b)]. Usually Cu, 
Pd, Au, Ag, etc. which put Ti and Ti-W with the sufficient aluminum electrode 7 and adhesion, Cr, W, etc. 
by vacuum evaporationo or the spatter as a bump substrate metal layer 9, are soft and have ductility on 
it are attached. When making a bump electrode from solder, Sn barrier layers, such as nickel, are formed 
further and it considers as the multilayer structure of three or more layers. 
[0006] Then, a photoresist 10 is applied, and the bump electrode 12 is continuously carried out 
patterning and formed electrolysis plating with the mask for bump electrode formation [ drawing 6 (c)l 
Vacuum deposition which used as the mask the photoresist 10 which carried out patterning similarly at 
this time may be performed, and the lift-off method for removing a photoresist 10 and the metal 
membrane on it may be used. 

[0007] Finally, the photoresist 10 of drawing 6 (c) is removed, etching removal of the garbage of the 
bump substrate metal membrane 9 put by photo etching processing if needed at the time of electrolytic 
plating is carried out, heating fusion of each electrode is electrically carried out after separation and 
with a continuous furnace, a bump configuration is prepared, and the base bump 14, the emitter bump 15, 
and the collector bump that is not illustrated are completed [ drawing 6 (d)]. 
[0008] 

[Problem(s) to be Solved by the Invention] As shown in drawing 4 , in the conventional semiconductor 
device, priority was giveh to the ease of bonding and the pad for bondings was provided in the 
circumference part of a semiconductor chip. And usually the bump for bondings was formed in the pad. 
However, for the reason, the area of a bonding pad is required and only the part could not but enlarge 
the semiconductor chip. 

[0009] In view of the above problem, this invention reduces a chip area as much as possible, and aims at 

therefore offering a cheap semiconductor device. 

[0010] 

[Means for Solving the Problem] The semiconductor device with a bump of this invention shall have a 
bump through a soft insulator layer on the activity section in which the current of a semi-conductor 
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substrate flows for solution of the above-mentioned technical problem. It is effective that the soft 
insulator layer is polyimide resin. And spreading formation of the polyimide resin shall be carried out as 
the manufacture approach of the above-mentioned semiconductor device. 
[0011] 

[Function] The electrode pad of the chip circumference part needed conventionally becomes 
unnecessary by providing the above-mentioned means and considering as the semiconductor device 
with a bump which has a bump through a soft insulator layer on the activity section in which the current 
of a semi-conductor substrate flows. If the soft insulator layer is polyimide resin, since it has aluminum 
and a coefficient of thermal expansion near the coefficient of thermal expansion of solder, it becomes 
strong structure to heat stress. 

[0012] And as the manufacture approach of the above-mentioned semiconductor device, if spreading 

formation of the polyimide resin is carried out, a process will be made simply and certainly. 

[0013] 

[Example] The example of this invention is explained referring to a drawing below. Drawing 2 is the top 
view of the npn transistor formed in n mold substrate as an example of the easy semiconductor device 
which carried out this invention. The structure of a transistor shall be made by processes, such as 
pattern formation which used the photo etching technique for the semiconductor chip 1, oxidization, and 
impurity diffusion. 3 is p base diffusion field and 4 is n emitter diffusion field. The front face of a chip is 
established in the base opening 5 for electrode connection, and the emitter opening 6 by the wrap oxide 
film, respectively. 19 is collector opening for electrode connection of a collector. In this TORANJISU, 
since it passes along some of p base diffusion fields 3 and n mold substrates 18 and a current flows 
from n emitter diffusion field 4 to a collector electrode, the range from p base diffusion field 3 and p 
base diffusion field 3 to the collector opening 19 is an active region. And metals, such as aluminum, are 
prepared in vacuum evaporationo and the electrode 7 which carried out pattern formation on these 
openings, and the base bump 14 for connecting with other substrates etc. through the insulator layer 8 
which consists of polyimide resin on those electrodes, the emitter bump 15, and the collector bump 20 
are formed. As this polyimide resin, KJR-651 made from Shin-etsu Chemistry were used, for example. 
There are not a configuration of drawing 2 , then the need of forming a pad in the periphery of a 
semiconductor chip like before, and only the part can reduce a semiconductor chip. For example, as a 
result of omitting the pad of 400-micrometer angle, the chip of 4mm angle was made into 3.2mm angle, 
and about 40% of contraction was attained in area. 

[0014] Drawing 1 is a sectional view in the A-A line of the semiconductor chip of drawing 2 . The 
emitter diffusion field 4 of n mold is formed in the surface layer of the n— type-semiconductor substrate 
18 at the base diffusion field 3 and surface layer of p mold. The oxide film 2 has covered the front^face 
top of the semi-conductor substrate 18, and the aluminum electrode 7 touches through the base 
opening 5 and the emitter opening 6 which were opened in the oxide film 2. On the aluminum electrode 7, 
there is an insulator layer 8 of polyimide and the base bump 14 and the emitter bump 15 who consist of 
solder through the substrate metal membrane 9 on the insulator layer 8 are formed. The aluminum 
electrode 7, and the base bump 14 and the emitter bump 15 are in contact in the base contact section 
16 and the emitter contact section 17, respectively. Ti, Cu, and solder are on the insulator layer 8 of 
polyimide resin with as soft Youngs modulus as about 2000Pa, and it has [ before the soldered joint 
and ] strong structure from the upper part also behind at the impact. 

[0015] Respectively, since the coefficient of thermal expansion of Ti the aluminum electrode 7, ah 
insulator layer 8, and the substrate metal membrane's 9 and bumps' 14 and 15 solder is a very near 
value at 2.9x10-5, 5.0x10-5, 8.4x10-6, and 2.0x1 0-5/degree C, adhesion also has good and structure 
strong against thermal stress, and it is reliable. Moreover, the effectiveness that they perform 
effectively stripping of the heat generated in an active region since bumps 14, 15, and 20 are stationed 
right above [ of the active region of a semiconductor device ] is also acquired, and increase of current 
capacity can be aimed at 

[0016] Drawing 3 (a) - (d) is the sectional view of the order of a process for explaining the manufacture 
approach of drawing 1 and the transistor of 2. A process is explained based on this drawing. It is the 
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same as the conventional manufacture approach up to the place in which the junction structure of a 
transistor is made, an oxide film 2 is further put on the whole surface, the base opening 5 and the 
emitter opening 6 are formed in the oxide film 2 on the base diffusion field 3 and the emitter diffusion 
field 4, respectively, and the aluminum electrode 7 is formed according to processes, such as pattern 
formation which used the photo etching technique for n mold substrate 18, oxidization, and impurity 
diffusion, and good. Next, polyimide resin is alternatively dropped at a part to form a bump electrode in, 
and an insulator layer 8 is formed [ drawing 3 (a)]. At this time, it is required for all on the aluminum 
electrode 7 not to be dropped but to leave a part. 

[0017] Then, good Ti of a substrate and adhesion same with the former is put with vacuum deposition as 
a bump substrate metal layer 9 [ drawing 3 (b)]. The whole surface may be covered and you may cover 
partially using a photo etching technique, however, the aluminum electrode 7 top which it left, without 
dropping an insulator layer 8 at a front process — covering — the base contact section 16 and the 
emitter contact section 17 — although not illustrated, the collector contact section is formed. As a 
substrate metal layer 9, besides Ti, Ti-W, and Cr and W are sufficient, and a spatter is sufficient as the 
covering approach. Cu which is soft on it and has ductility is vapor-deposited. Instead; of Cu, Pd, Au, Ag, 
etc. are sufficient. Furthermore, in order to make a bump electrode from solder, nickel used as Sn 
barrier layer is vapor-deposited, and it considers as the multilayer structure of three layers. 
[0018] next, the photoresist 10 — applying — the mask for bump electrode formation — patterning — 
carrying out — the opening 23 for base bumps, the opening 24 for emitter bumps, and [ drawing 3 (c)] 
that prepares opening for collector bumps although not illustrated. Then, the bump electrode 12 is 
formed with electrolysis plating of solder. Vacuum deposition which used as the mask the photoresist 10 : 
which carried out patterning similarly at this time may be performed, and the lift-off method for 
removing a photoresist 10 and the metal membrane on it may be used. 

[0019] Finally, a photoresist 10 is removed, after carrying out etching removal of the garbage of the 
bump substrate metal membrane 9 put using the photo etching technique if needed at the time of 
electrolytic plating and separating each electrode electrically, heating fusion is carried out with a 
continuous furnace, a bump configuration is prepared, and the base bump 14 and the emitter bump 15 
are formed [ drawing 3 (d)]. Previous polyimide resin has the thermal resistance which is equal to heat 
treatment for this solder melting enough. 

[0020] Polyimide resin can be applied to the whole surface in the place of drawing 3 (a), and the 
predetermined pattern of an insulator layer 8 can also be obtained by photo etching. However, in order 
to use a usually strong, alkaline solution for etchant, the aluminum electrode 7 of an outcrop will be 
etched. By this method, it is alternatively dropped at the need section, and since an insulator layer 8 is 
formed, there is also no possibility of corroding the aluminum electrode 7. Moreover, it becomes 
unnecessary [ the protective coat which consists of the conventional nitride ], and a merit is found out 
also in respect of a man day and cost 

[0021] This invention of it being applicable not only to the above-mentioned example but the integrated 

circuit which has a bump is natural. 

[0022] 

[Effect of the Invention] Since stripping of the heat which it was indifferent in structure strong against 
external force, and large contraction of a semiconductor chip is not only attained in the semiconductor 
device of this invention by having prepared the bump through the soft insulator layer on the active 
region of a semiconductor device, but was generated in the active region is efficiently performed as 
explained above, increase of current capacity can be aimed at. Consequently, a big contribution is made 
to the cost reduction of a semiconductor device. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the semiconductor device of the example of this invention 
[Drawing 2] The top view of the semiconductor device of drawing 1 

[Drawing 3] The sectional view having shown the production process of the semiconductor device of 
drawing 1 in order of (d) from (a) 

[Drawing 4] The top view of the example of the conventional semiconductor device 

[Drawing 5] The sectional view in the B-B line of the semiconductor device of drawing 4 

[Drawing 6] The sectional view having shown the production process of the semiconductor device of 

drawing 4 in order of (d) from (a) 

[Description of Notations] 

1 Semiconductor Chip 

2 Oxide Film 

3 Base Diffusion Field 

4 Emitter Diffusion Field 

5 Base Opening 

6 Emitter Opening 

7 Aluminum Electrode 

8 Insulator Layer 

9 Substrate Metal Membrane 

10 Photoresist 

12 Bump Electrode 

14 Base Bump : ; 

15 Emitter Bump: * 

1 6 Base Contact Section 

1 7 Emitter Contact Section 

18 N Mold Substrate 

19 Collector Opening 

20 Collector Bump 

21 Collector Contact Section 

22 Surface Protective Coat 

23 Opening for Base Bumps 

24 Opening for Emitter Bumps 
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